Aim: The aim of this study was to explore factors affecting efficacy of treatment of common cold symptoms with an over-the-counter ibuprofen/pseudoephedrine combination product.
as acetylsalicylic acid, ibuprofen and paracetamol (acetaminophen) and α-adrenoceptor agonists such as phenylephrine, 3 pseudoephedrine 3, 4 and xylometazoline. 5 As either of these drug classes is effective only against a subset of common cold symptoms, fixed-dose combinations of two or more active ingredients are frequently used; specifically, the combination of ibuprofen plus pseudoephedrine has been shown to be more efficacious than either monotherapy. 6, 7 Many common cold medications are available without a prescription as over-the-counter drugs.
BoxaGrippal ® is a common cold medication that has been au- 
| METHODS
Between October 2014 and March 2015, a total of 230 participating pharmacies were asked to invite customers aged 18 years and older who had purchased BoxaGrippal ® to participate in an anonymous written survey. Participants received a € 5 coupon for future purchases from an online retailer as compensation for time spent filling the survey. Precondition for participation were the purchase of BoxaGrippal ® intended for current treatment of own common cold symptoms, age ≥18 years, willingness and ability of independent, plausible and timely completion of the questionnaire. Participants could return the survey in a sealed envelope either to the pharmacy or send it postage-free to a contract research organisation. Ethical committee approval was neither required nor recommended for this type of study in Germany at the time it was performed.
The survey captured demographics of the participants. At baseline, it also provided a list of 11 typical cold symptoms; these included nasal congestion/obstructed nasal breathing, congested nasal sinus, runny nose, sneezing, headache, pharyngeal pain, joint pain, fever/increased body temperature, exhaustion/fatigue, dry cough/tussive irritation and cough with expectoration (Table 1) . Each subject was asked to identify the four most bothersome symptoms from this list. They were also asked to rate the extent of each symptom on a scale from 0 to 10 (very weak to very strong) prior to intake of first dose of medication.
Additional questions were related to time from start of cold to first dose (same day, day 2, 3 or 4, day 5 or later) and to number of tablets (1 or 2) at each dosing on the first, second, third or fourth day of treatment, if applicable.
To assess treatment effects, the survey asked participants to report time to onset of symptom relief as 0-5 minutes, 6-15 minutes, 16-30 minutes, 31-45 minutes, 46-60 minutes or more than 60 minutes and whether they considered time to onset as very fast, fast, moderately fast or slow. It also asked participants to rate the extent of the 11 symptoms after the first dose of medication on the same scale of 0-10 and to report duration of symptom relief after the first dose (options: cured, up to 24 hours, up to 12 hours, up to 6 hours, less than 6 hours). At end of treatment, they were asked to report whether four disease-relevant statements applied: "I can perform daily tasks better again", "I'm no longer distressed by cold symptoms", "I can concentrate better again" and "I no longer feel so exhausted and fatigued" (yes and no option for each statement). Finally, they were asked whether they judged the efficacy and the tolerability of BoxaGrippal ® as well as overall treatment satisfaction as very good, good, less good and poor.
Data from the survey were analysed in three steps. First, all data were reported descriptively. Second, a total score and three subscores were created based on the 11 cold symptoms. Each symptom was rated on a scale from 0 to 10, at start of treatment and after the first 
| RESULTS

| Descriptive results
A total of 1770 subjects (70.4% women, age 37.9±13.1 years, height 171.6±8.9 cm, body weight 72.1±14.6 kg, BMI 24.3±4.0 kg/m 2 ) participated in the survey. When asked which four from a list of 10 typical cold symptoms they considered most bothersome, headache, nasal congestion, exhaustion and joint pain were named most frequently (Table 1 ). These four also had the highest rating for extent of symptom (Table 1) .
Participants reported to have started use of the ibuprofen/pseudoephedrine combination on the first day of their cold in 23.3%, and on the second, third, fourth or fifth and later day in 49.3%, 21.1%, 2.8% and 2.3%, respectively. At first intake, 28.4% used one tablet, whereas 70.4% used two tablets. This dose selection similarly applied to subjects starting treatment on the first through third day, whereas those starting at a later time exhibited an approximately even split between using one or two tablets.
More than 50% of participants reported time to onset of symptom relief to be 30 minutes or less ( Figure 1 ). Accordingly, subjective assessment for time to onset as very fast in 13.7%, fast in 53.4%, moderately fast in 23.6% and rather slow in 2.3%. Duration of effect of first intake was reported as less than 6 hours in 15.1%, up to 6 hours in 54.4%, up to 12 hours in 22.6% and up to 24 hours in 4.6%; 1%
reported full resolution of symptoms after first intake of medication. Table 1 shows intensity of each of the 11 common cold symptoms on a scale from 0 to 10, at start of treatment and after the first dose F I G U R E 1 Time to onset of action after ingestion of first dose. Data are shown as cumulative % of survey participants reporting onset of symptom relief after ingestion of combination treatment at a given time point T A B L E 1 Participant rating of common cold symptoms. Each participant was asked to list the four most bothersome symptoms from a list of 10 typical symptoms; data are shown as % of subjects naming a given symptom as one of the four. Patients were also asked to rate a given symptom prior to (baseline) and after first intake of medication (irrespective of using 1 or 2 tablets) on a scale of 0 (smallest extent) to 10 (greatest extent); data are shown as mean±SD. All results are based on 1770 responders; missing intensity entries were set to "0" of medication, as well as intra-individual reduction upon medication intake.
At end of treatment, participants were asked whether they agreed or disagreed with the following four statements: "I can follow my daily tasks better again" 89.8% agreement; "I no longer feel distressed by cold symptoms" 67.9% agreement; "I can concentrate better again" 76.2% agreement; "I no longer feel so exhausted and fatigued" 81.8%
agreement. Accordingly, global efficacy assessment by participants was excellent in 27.5%, good in 65.5%, less good in 6.4% and poor in 0.3%. Global tolerability was rated as excellent by 36.2%, good by 58.9%, less good by 4.4% and poor by 0.2%. Overall treatment satisfaction was rated as very satisfied by 30.3%, satisfied by 61.7%, less satisfied by 6.8% and not satisfied by 0.6%.
| Symptom scores
To better understand the relative roles of each active pharmaceutical ingredient in the combination product, we calculated a TIRS, TPRS, NSS and TSS as described in Methods. The various scores at baseline and after the first dose of medication as well as intra-individual reductions of scores are shown in Table 2 . After normalisation for number of included items, baseline TIRS and TPRS were similarly high, whereas NSS was considerably lower. After the first dose of medication, the TIRS declined by 60.0%, the TPRS by 46.3%, the NSS by 45.4% and the TSS by 52.8%. Thus, the ibuprofen component of the medication appeared to be somewhat more effective against its typical symptoms than the pseudoephedrine component.
| Multiple regression analysis
In the light of the exploratory nature of our analysis, we performed two types of multiple regression analysis for each of the four scores to enhance robustness of the conclusions. One approach was a general linear model looking at reduction in symptom intensity after the first dosing ( Table 3) . The other was a logistic regression approach using number of subjects reporting an improvement of a given score by at least 50% (Table 4 ). This minimum extent of reduction in TIRS, TPRS, T A B L E 2 Scores for typical ibuprofen-responsive symptoms (TIRS; consisting of headache, pharyngeal pain, joint pain and fever), typical pseudoephedrine-responsive symptoms (TPRS; consisting of congested nose, congested sinus and runny nose), non-specific symptoms (NSS; consisting of sneezing, fatigue, dry cough, cough with expectoration) and total symptoms (TSS; consisting of all 11 symptoms) at baseline and after intake of first dose of study medication (irrespective of using 1 or 2 tablets) as well as intra-individual change after first Data are mean±SD on a scale of 0 (smallest extent) to 10 (greatest extent) or % change. Note that each score has been normalised for number of included symptoms to facilitate comparison between scores T A B L E 3 Association of explanatory variables with reduction in symptom scores after first drug dose. For purpose of analysis, the reference group was defined as males, starting treatment on day 1 of symptom manifestation with an initial dose of one tablet; data for age and body weight are per 10 year or 10 kg increments, respectively, data for baseline score per point at baseline. Data are shown as parameter estimate±SEM with corresponding P-value underneath and are relative to mean scores after first intake shown in Table 2 . A positive number indicates higher reduction in symptom intensity after dosing, a negative number lower reduction in symptom intensity being associated with the respective explanatory variable NSS and TSS was observed in 73.6%, 55.1%, 50.9% and 61.6% of participants, respectively. Both approaches consistently detected the following associations: A high baseline score was associated with greater reductions in symptom scores but smaller probability of achieving an improvement of at least 50%. Two tablets at first dosing were more effective than one in both analysis approaches. Starting treatment later than day 2 of cold was generally less effective; data on day 5 did not confirm that but, due to small sample sizes, confidence intervals were too wide to detect any effect. Body weight or gender was not associated with the magnitude of reduction or the probability of achieving at least 50% improvement; age exhibited only small and inconsistent associations. Of note, above effects were consistent across all four scores; the notable exception is that TIRS in contrast to the three other scores was not affected by a delayed start of treatment.
| DISCUSSION
Analgesics and decongestants are established drug classes to alleviate common cold symptoms. As each drug class based on its pharmacodynamic profile preferentially affects a subset of cold symptoms, combination products are often used for more comprehensive symptom control, [8] [9] [10] [11] [12] [13] including ibuprofen/pseudoephedrine combinations. 6, 7 The present analysis was designed to improve understanding of factors affecting efficacy of treatment of common cold symptoms with a combination product consisting of 200 mg ibuprofen and 30 mg pseudoephedrine (BoxaGrippal ® ). Specifically, we were interested to explore how the combination product affected symptoms considered ibuprofen-or pseudoephedrine-responsive. As a byproduct, our analysis provides information on symptoms considered most bothersome by common cold sufferers.
| Critique of methods
Common cold is a self-limiting condition. Therefore, improvement or even resolution of symptoms is expected to occur in at least some patients receiving placebo or even no treatment. To reflect real-world conditions a patient survey was performed, which excludes a placebo group. This was not deemed necessary as the efficacy of ibuprofen, Another relevant limitation is that self-report of cold symptoms can vary greatly and may skew results. As this may question some of the quantitative outcome measures, the emphasis of our analysis was on the multiple regression approaches to explore factors potentially associated with greater efficacy. As this is an intra-study analysis, it may be less vulnerable to the limitations of self-reporting.
For the present analysis, we have operationally defined four symptom scores describing common cold symptoms. The TIRS and the TPRS were based on symptoms assumed to be responsive to ibuprofen and pseudoephedrine, respectively, based on pharmacodynamics of these two drugs and published symptom-specific study results; of note, some of these studies included objective measurements of nasal airflow. 3, 10, 14, [16] [17] [18] [19] Symptoms not clearly linked to one of them were summarised in the NSS; a TSS including all 11 symptoms was also defined to look at the entirety of common cold symptoms. As the four scores ranged from 3 to 11 symptoms, each one was adjusted based on number of included symptoms to make them comparable to each other. However, we did not include weighing of the various symptoms T A B L E 4 Association of explanatory variables with probability to experience an at least 50% reduction in symptom scores after first drug dose (irrespective of using 1 or 2 tablets). For purpose of analysis, the reference group was defined as males, starting treatment on day 1 of symptom manifestation with an initial dose of one tablet; data for age and body weight are per 10 year or 10 kg increments, respectively, data for baseline score per point at baseline. Data are shown as odds ratio for more than 50% improvement with 95% confidence intervals in square brackets. The percentage of overall participants showing an at least 50% improvement per score is shown in the main text. Odds ratios greater 1 indicate a greater probability of success, odds ratios below 1 a smaller probability being associated with the respective explanatory variable within each score, for instance based on patient rating of bother.
However, it should be noted that each of the three subscores included at least one of the four most bothersome symptoms, as reported in Table 1 , supporting concept validity of these scores. These design elements and resulting limitations should be considered in the interpretation of the results.
| Descriptive data and symptom scores
Our analysis shows that from a panel of 10 typical common cold symptoms, survey participants reported headache, nasal congestion, exhaustion and joint pain to be most bothersome, possibly because they were also rated as the four most intense symptoms. Based on the pharmacodynamic profile of ibuprofen and pseudoephedrine as well as based on dedicated studies, 10 neither monotherapy is likely to provide relief of all four major symptoms, lending support to the concept of using combination treatment in patients with multiple symptoms.
Accordingly, such combination treatment was superior to monotherapy in controlled clinical trials. 6 This may explain the high satisfaction with efficacy and overall treatment reported in the present survey.
More than half of all participants reported time to onset of symptom relief to be 30 min or less ( Figure 1 ) and almost two-thirds of participants considered time of onset to be fast or very fast. While we are not aware of previous studies exploring time to onset of symptom relief with ibuprofen/pseudoephedrine combinations, these values are in line with previous, placebo-controlled studies on pseudoephedrine monotherapy in common cold patients, being based on subjective symptom relief 3,4,14 or on objective measurements of nasal airway flow or resistance. 4, 10, 14, 15, 18 They are also in line with the pharmacokinetic properties of pseudoephedrine which reaches t max at about 60 minutes with almost maximum plasma concentrations being observed at 30 min (earliest measured time point) 6, 16 ; t max of ibuprofen is also seen after about 60 minutes. 6 Therefore, our data based on subjective assessment with an ibuprofen/pseudoephedrine combination product in an open-label setting together with previous subjective, objective and pharmacokinetic results from placebo-controlled studies testify a fast time to onset of symptom relief. In contrast, data on duration of symptom relief after the first dose of medication are not easy to explain in the absence of a placebo group in the light of the natural course of the condition. However, rhinomanometry 3 as well as pharmacokinetic studies 16 support the concept of a dosing interval of 6 hours.
Placebo-controlled studies have established that treatment of common cold with a single active ingredient improves some but not other symptoms. Specifically, pseudoephedrine was found to reduce subjective or objective measures of congestion 3, 8, 10, 16 but has little effect on sneezing, 8 on pain 10 or on non-congestion cold symptoms in general. 3 In the present survey, the ibuprofen/pseudoephedrine combination product differentially affected the extent of intraindividual improvement of specific symptoms. Thus, the greatest improvement (63%) was reported for headache, which also was the most bothersome symptom. A greater than 50% improvement was also reported for other forms of pain, joint pain, pharyngeal pain, and for fever and exhaustion (Table 1) . In contrast, cough in general and cough with expectoration were improved by 32-37%, but these two also had the lowest pretreatment values (Table 1) . Nasal and sinus congestion were improved by about 50%. Thus, typical ibuprofenresponsive symptoms were approved to a slightly greater extent than typical pseudoephedrine-responsive or non-specific symptoms, which is reflected in the operationally defined symptoms scores used in our analysis. The overall extent of improvement is comparable to values reported in placebo-controlled trials, for instance for the degree of nasal congestion reduction with a 60 mg dose of pseudoephedrine 16 or the degree of reduction in nasal, throat and systemic symptoms with a 200 mg ibuprofen/60 mg pseudoephedrine combination.
7
More than 95% of participants rated global tolerability as excellent or good in our survey; specific adverse events were not reported. This is in line with previously reported safety and tolerability findings in placebo-controlled studies with an ibuprofen/pseudoephedrine combination. 6, 7 Possible adverse effects on vital signs always have to be considered in the use of a sympathomimetic agent, such as pseudoephedrine. Being a survey of pharmacy customers, our study did not capture such data. However, a systematic review and meta-analysis on possible cardiovascular effects of pseudoephedrine has looked at a total of 24 studies representing 45 treatment arms and 1285 patients;
in this meta-analysis pseudoephedrine did not significantly increase diastolic pressure, increased systolic blood pressures by less than 1 mm Hg and heart rate by less than 3 bpm, 21 which are likely to have little consequence with drug used for a few days only.
| Factors associated with greater treatment efficacy
The above descriptive data show that the results from a survey among pharmacy customers are in good agreement with those from placebocontrolled studies. We also found data collection among pharmacy customers to be a scientifically valuable source of information in a previous airway project. 22 The main advantages of such approach are that it can recruit a very broad, representative real life population with little restriction of inclusion/exclusion criteria and much larger numbers of patients than typically can be included in a classic randomised trial. These large numbers allow applying multiple regression approach to identify variables associated with positive treatment outcomes.
In the light of the exploratory nature of these analyses, we have attempted to increase robustness by applying two parallel approaches that look at distinct but related outcomes (Tables 3 and 4 ).
The explanatory variable exhibiting the strongest effect on symptom improvement was baseline symptom intensity. As the general linear model approach used reduction in symptom intensity after intake of medication as dependent variable, this is not surprising as subjects with a high baseline value can reduce absolute symptom intensity to a greater extent. This phenomenon has also been observed in the analysis of databases from observational treatment studies in other indications, for instance arterial hypertension 23 or overactive bladder syndrome.
24
The combination product tested in this study includes 200 mg ibuprofen and 30 mg pseudoephedrine per tablet. Previous studies on combinations of these two ingredients have shown that the combination is more effective than either monotherapy but have used preparations containing 60 mg pseudoephedrine per dose. 6, 7 This study found that for the 200 mg/30 mg combination starting treatment with two tablets is more efficacious than with a single tablet, irrespective of symptom score or of analytical approach being applied. This is in line with findings from previous studies comparing the efficacy of 50-400 mg ibuprofen 25 or in meta-analyses of ibuprofen studies in analgesic indications, demonstrating an increased efficacy with higher doses in the 200-800 mg dose range. 26 It is also in line with doseranging studies with 15-180 mg pseudoephedrine effects on nasal airway resistance. 19 Despite the greater symptom reduction when starting treatment with two tablets of the 200 mg ibuprofen/30 mg pseudoephedrine combination and the good tolerability of this combination product, we recommend that the higher dose should only be applied when justified by a high degree of symptom intensity and bother prior to treatment.
As common cold is a self-limiting disease, we were interested in the question whether timing of start of treatment relative to onset of symptoms affects treatment efficacy. Previously reported placebocontrolled studies using pseudoephedrine-containing preparations were too small to allow differential analysis of efficacy relative to timing of treatment start. In our survey with much larger patient numbers, timing of treatment start had little effect on the typical ibuprofenresponse symptoms. In contrast, the typical pseudoephedrineresponsive and the non-specific symptoms responded less favourably when treatment was started on day 3 or 4 of a cold episode, possibly because nasal congestions tends to already have declined on day 4 or 5 of a cold episode. These findings imply that it is better to start treatment early if the symptom constellation in a patient with common cold justifies inclusion of pseudoephedrine or perhaps another decongestant in the treatment regimen. It would be interesting to see this conclusion confirmed in an independent study.
| CONCLUSIONS
Based on a cohort of 1770 pharmacy customers with common cold purchasing a combination product containing 200 mg ibuprofen and 30 mg pseudoephedrine, we have shown overall efficacy and tolerability data that are comparable to those from placebo-controlled studies. This and previous studies 22 show that surveys among pharmacy customers can be a valuable source of scientific information, particularly for over-the-counter products. Treatment effects of the tested combination product are independent of gender and body weight of the patient and similar across age groups. Expectedly, baseline symptom intensity has a large effect on degree of improvement. Efficacy exhibited the expected dose-dependency and was greater when treatment was started early in the course of a cold episode.
